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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element which takes advantage of 
the combination of a plurality of hole transport layers for 
carrying holes poured from a positive electrode layer to 
a light-emitting layer to reduce a controversial barrier of 
hole transport, while keeping the stability of driving life 
time of the element, and to result in reduction of voltage 
for initiating light emission and reduction of power 
consumption. 

SOLUTION: The organic electroluminescent element 
comprises a positive electrode layer, a negative 
electrode layer opposed to the positive electrode layer, 
and a light-emitting layer containing organic compound 
and placed between these electrode layers. Holes are 
injected from the positive electrode layer and electrons 
injected from the negative layer excite the organic 
compound in the light-emitting layer which emits light. 
At least one of hole transport layers, containing an 
electron receiving material, is placed between the 
positive and negative electrode layers so that the electron receiving material does not come 
into contact with the. positive electrode. 
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S 41 T V* S ( fc t & if D . B e r n e r £ , rinternational Works 30 
hop on Inorganic and Organic Electrolumi 
nescence & 2002 International Conference 

on the Science and Technology of Emissi 
ve Display and Light ingj ABSTRACT p. 503) o 
[ 0 0 2 9 ] 

<r 0*->U©»»Bl«©#flEttilS ; J 1 ©BB6«ffi©±»Jif»a3K||»*£E<E)±» t ft ■o T 
IlSfftltf, C © <fc -5 ft*ffi±#*^Jtej»* (lni/W) ©f&T t LT8StiS©t4^5 
ft T? *> ft v o C(0J;5ft*tt»«#St«ii:fe)!pfrt>6f C u P c ■>£ X £ - ;S — X M7'J 
-;i'7 5yft^»tfSet*tSnf;*-;i/ftAtft-&it LT|£<«fflSftTI/^oa, 

[ 0 0 3 0 ] 

*ffc, *tH^AS>©, ^JBK<t«l1? 3d « V 2 O 5 (5Hk^t*;")i) fc*->HI3a6tt# 
lll7fe8 7.'J ^ Wb^fofcoil'&JRTfcS 3h-;vaAJSB. * © Jt Silt It, 

4iftft^TfRfe^S6ft*-;VffiA*© — ■ot?£S* , > *fggg#6©^WTBlR?©|gl&* 
[ 0 0 3 1 ] 

*^9j«. «±©*«fca*Tft2n?tt>©T?ft *), foswtt, tM©*iWft;H 50 
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[ 0 0 3 2 ] 

* — ;HllS»©|fl»^t>_-e- (MM© rCuPctNPBj rm-MTDATAtTPD 
J J?> riDE 4 0 6 i IDE3 1 2 J !§: H^aftfil 5 tlT ^ SftSWft t CQT? S 5 > ^ © 
Hi^^ltS^ff^SP EDOT^f P AN I tTV~ ^7 5 Vft^tCffi^'&fcti 

tfJaj&nTV^*) ^SfflLt, ig?©iM#ifrg^tt£*t#Lft3:i:, ^tt*H@i?n 
[ 0 0 3 3 ] 

*fsm<DmME l jfs?«o*-;Hft3iisttx «!*©*r«E l x ? ic » ffl s n t * ft % m. CO 

[ 0 0 3 4 ] 20 

s a. cn2?HMf 10-49771 -5§&$s, #m 2001-244079 

^&-$Bs #M 2 0 0 3 - 3 5 8 4 0 2#93ffl»te:fe^T*-/l/*&^tt*r«<»li:LTi£<ffi 
[ 0 0 3 5 ] 

§ * - /l/ a A Jf §15 # 17 ti * < % % * 5 12 16 S 3£ '8- © ft * m ^ £> *l T 1? ft 8fc © * - /V 

[fg®#gi?£t-£ft 46©^©] 
[ 0 0 3 6 ] 

_bfaw®/^^fiff*-r « ft*6&c. *%i«tixl/^ ho;V5^-yfey h*f a, PUSH 

«Mfc. »c*sji LtEf snfciiiii t s fikmnmm nmmnmm torn 
& hD^uytyh jR^ o r , mmnmm tmmmmm tcors 

& S tt » © * - ;l/lta£* 6 ft S * ^ tt * * © * ft © * ~ JS * HI T <5 If B fc « ? § 

[ 0 0 3 7 ] 

Sfts *5SSctixl/^ho*U?t>hSS?a, I^tS^t tl 

JifcJ;oTtt^6tlT*5D. ttffir%£Stt 1 . 0 x 1 0 2 Q • c mW±OJtaffi*tt S 
< ±:t-o©^7 i erL-<yhcD^--'Hi!r3M/i4i^«?gtttfS^#fiLT^?3. ^o. 
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fcSfc'&tt. *®**©*-/P»S«*BlT*ISiiiIfc« : ?**tt*K*l'#fiE , r* 

[ 0 0 3 8 ] 

tf S§tftl(i> L* v|fc»fc#atf©**}|£/#^3 c £ aft, 

jp«R# ft fits wiawRo^-^wajiKBtshswTW^sattt*!!©**^ 

jgg-T « d i: * , tKtt, S K PKf S iWE1sS»<0 * — ^(ftS6« © — L < 

sftsaftc^-^ttsiifejgjstsi^Kflfts^-^iistt^^sa^LT ( 3 mm 

[ 0 0 3 9 ] 

[ 0 0 4 0 ] 
[ 0 0 4 1 ] 

[ 0 0 4 2 ] 

fc L,TOtffttt*4 < h t -107 >y IS ft fc£ 4> & < fc — fl© %/ 5* 

[ 0 0 4 3 ] 

If f«tt»Ii;LtOt«S(it^ifc^i?fei5, fro. < £ fe -fB© 7 ^y £ 

PNB) SfflV^C 5. 
[ 0 0 4 4 ] 

-Has 
[{t 1 ] 

Ar 2 



Ar l N Ar 3 



[ 0 0 4 5 ] 

Sft. t?*Stt#l*til*ll/T^*#-**«1t*ift8, iffl (App 1. P 
hys. Lett. , Vol. 69, (15), p. 2160 (1996), SfctiKo 
d a kt(0*HStt* 5, 0 6 1. 5 6 9#W«BS#M)fe:iaK©fH7^n3/7' = ^(C 
uPc) m<D -i V >ffc*tt8§*H*. rm 3 9 dUSffl^Ji^M^ai-^PiS^iSill^^ 

Ms 2 8 p - Q - 9 , p. 1036 ( 1 9 9 2 ) J tfBf ?;HT^5+ 1 i"J KylSf: 
^©gfiSffc, mm 2 0 0 0-5 8 2 6 T^&ffitefBttSftTl/'S'r^'^yXl'l'JgJRi:*- 
©Si##. *0lflSft*i7»«i:i:tfffl7»5, 

[ 0 0 4 6 ] 
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§ o 

[ 0 0 4 7 ) 

[ 0 0 4 8 ] 10 

JXTs *SU!aK:*»***ll«Jlf«*HiSf*#JHLoo|¥L< WMf *. ±5EtDJ;5fc, * 

ss w o « e Ljjs : ?©s*>ig s 3iLviiasjgtitt, BS««ffiwic» , rsaijR©*^&**^ 
# m^mmm t l r mht<d (a) ce> fc^tto^fes, 

[ 0 0 4 9 ] 

(a) s^i/iiiii2/^i 4t->umKA 1 1 /«? sstiii 2 0 /m 2 

1 2 /f§^e#"St?>PrMjfi* 3 0/ ISM13 (Hi (b) ) 

( b ) mm. 1 /mmnmm 2 /» 1 ^-^mmm 1 1 /t& 1 *-7H»ait» : f 

MJ|©jg^-Jl 2 1/12 *-;HtSI 1 2 / 3&#»*^tr*r«*SSfl: 3 0 / M*«« 20 
3 (0 1 ( c ) ) 

(o lit 1 /niitii 2 /s 1 *-^»fisi 1 i/i2*-jvttsf»?ttf§g 
ttM©ig#« 22/12 *-/H*iSM 1 2 / m^tm * is&m^ffimfa 3 0 /MUM 

3 (El ( c ) ) 

(d) s«j 1 /MUM 2 /sb 1 *-frmmm 1 1 /* 1 *-Miitt»fti?§i 

2 l /If 2 fcS? W&ftiStoil^Ja 2 2 /* 2 

SI3£J1 1 2 /J&3fc«*3-tr*r««3§# 3 0/111113 (01 (d) ) 

(e) mmi /mmnum 2 /m 1 ^-i^mmm 1 1 /s& 1 ^-/vrnrn^^ tt?§§ 

2 1 /m^S^M KM 2 0 /SB 2 * - ;l/ffo$M'|£#? i: tfggtttlo 
H-frJl 2 2 /* 2 *->Hi»fli 1 2 /»3tJi*-&«r#«KIJSfl:3 0 /»«««« 3 (Si 30 
( e ) ) 

( f ) mm 1 /mmmmm 2 /» 1 1 1 /* 1 *->ntfi8tt4>?i:iB 2 

/HftSS'ffi^? t 2 3/JS2 l 2 /»ftM*^t?*r« 

li#3 0/|ISH3 (01 (c) ) 
[ 0 0 5 0 ] 

MIEt?*#tt#ftf, ■l«ifc8LTV>ft^tt«fc#fiELT*->l/»Stt» 

S S & CO 1? tt & o 40 
[ 0 0 5 1 ] 

±13 (A) fr£ (F) Otixl/^ hO/l'5*y-fe^Hlf OiJfikffi*o*«xi/^ 
hn;l/5^7-feyMl7OiiiO«^0^S 1 IciLfto ca, Jfc S! W * fi£ * © *r « a: 

i/no^u^yn^a, 01 (a) tcm~? & 5 ic, 
mm 1 /mmnrnm 2 /m 1 *-;vtsi 11/^2 *-;k»m« 1 2 /^g?ts^#ty 

*««3S#3 0/MWM3 
[ 0 0 5 2 ] 
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i©t«E L fg? ttS gfcSffc^tlfc: «fc ^ T «J« S *i ft ft Jl/»2tM * HT * IfflS 
tfe 10i<HfS§tfti^\ ±IH© (A) (F) <Z>«fc3fc58Mf&7&«T*# 

[ 0 0 5 3 ] 

*ft±« (a) ^e. (f> commmmm urn 1 *-/n»a*iHn»*- s y * & a > $ ? 

hiCfiSSnft^*^, WKRftffiSffite: I T0T?Sft<#I«ii'ffli/^n5±5 

tt , S * c © »1B T o * - ^ ft X ® ±» * JR^ KIBr © 5P ft Sfi: * fl: fe -r 

C t^I^StlSo fOi^B*^^!^*^!! 1 0-4 9 7 7 1 £ ffi - #120 0 
1 - 2 4 4 0 7 9 m & £fi - #1 2 0 0 3-3 5 8 4 0 2 mffl& 3S ^ T 7ji L T % tcM-n 

^ta-'fb-&ii& tufts Tcsjstc <fc 0 T«^»§§f*&M-r ss^si^ttftK^wswsw 

[ 0 0 5 4 ] 

RftBKtt, ftt^tfjlfa (A) (Bl (b) ) CD«fi8JC»jSLT, (G) 

ttfcM«*ttff t LTf±*Blg[)bV>S V^JR (< 5 . OeV) #fflV^Jg^fci 
[ 0 0 5 5 ] 

S fc„ ;£5gBJi# £ & s # ffi 2003-272860 ^^it^ViT, Cfti T? <D # 1$ E 20 
t t LTltltT, gltetStOt^ISiE L SS^tflfifll 

2 a * c mj^±©tt®M^#^r § c t # g * l Vo 

[ 0 0 5 6 ] 
[ 0 0 5 7 ] 

tea, *-;nussj«aj«-*«fi!?*raft'a'WWt*?S2SttftK^s *n^n*»T?tt. % 

ft 8 0 0 — 2 0 0 0 nmCDjfi^^^^tc^J^T.^^ h;l/<£>t?— ^^r^Sfc^jb^ * — 

25 Sft-&»» t 3?MMH<DMSiT-&. Mft800~2000nm 

©M?f-M«IKX^ h/KDfcf-^tfi&tK * — >H»58**»*li*-r *ft-&*# t 

[ 0 0 5 8 ] 40 

b 2 a s -las 
[ft 1 ] 

Ar 2 



Ar l N Ar 3 



■pi3n8Sftt#ttft^»iiDry-;I'75^ft^«78*i!:502-TNAT A, a 50 
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JN P D (ttrSB<9 N P B ©BJ«;) , ZtfU-TAD, X tf P - N P B £ , W^g^ttftfSfT? 

& o 

[ 0 0 5 9 ] 

ddt 5 , 2-TNATA. a N P D . XHn-T A D, Xlfa-NP Bttftlfn 
[{fc 2 ] 



cuoo 




T %> % t> £ tl o 



50 
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[ 0 0 6 0 3 

m2frzmzfr%:tts*), r v - & t ^ > it -a- m * £ x$ 5 m it ^ & a a . m & 1? a 

iM 8 0 0 — 2 0 0 0 nmOjfiSWM «fcVf- # # ijs S V # , 7 'J - 7 5 V^t**f: 
5 H It >S ^ 5> # A £ <9 & -a- 01 . * 8 0 0 ~ 2 0 0 0 nm<Di£#^M*£fc:^^fctf-^ 

[ 0 0 6 1 ] 

S: ft „ 0 3 ^ £ HJi £> ^ & ffl t> , T y — ^75>ft*ft?<6«oNPDt78fi:21/- 

V h, 8 N |fiT-atS8 0 0~2 0 0 0 n m © i£ * ft « # fc: i;-?*^Sav^, a N P 

Dt 7 mit 2 M«8 0 0-2 0 0 0 nm©i4#ftM#fc:0;»*fcr- 

[ 0 0 6 2 ] 

H 4 « , 2-TNATA, Stf, T f 2 5$ 
Lit 6 ] 




T53tl5f h77;UD-f (4F-TCNQ) * tl tl ©# 

mm, Mtf tc. W#«S-a-i^©©KKX^: ^ h^^^-r (8f*8 : «R}1£« (absorban 

c e ) . StUfi : MifeS ( n m) ) 0 

[ 0 0 6 3 ] 

m 2 ~m 4 icmvrc&m&mowLW.*'*? h &^©m©m©mx-^ h;v 

s fg3©$Tft&Mt?-^ 8 0 0 n £> 2 0 0 0 n m © ft H ii PJ S tl 

* - >ntai£ m mm m a s it •&* ^ & a § « r © * - /uwss is m © * - * 9 n * s a 

[ 0 0 6 4 ] 

$ ft. *-/v»astt*K fc ttt^enMttteM s*it«i*ltv^*» 

c t # -e # * „ co^dSrttfiisHsacfiae ^ M ^ W ^ ^ l ft 0 

[ 0 0 6 5 ] 

«: * . @5Rt>*H6fcS^Tti, $ l * - ;V M 31 M l l R tf % 2 * - ;V fjftS M l 2ii, 

^n^n. m i *-;i/5f&K!'f£#? 1 1 o ao*i 2 *— ^nftastt^? 1 2 0 uv^ 0 

^ * y -tr > h SR^tcfc^T tt, MftJSttW* 2 0 0 t „ |& 1 *-/Hft3113:#? 2 1 0 X 
tt« 2 * — /HtS6tt#? 220ts ^56412 1 SftB2 2, L < li , SfS§ffi» 
1 2 0 0 tl 1 *-;H&SI J l£»? 2 1 0 £3& 2 ^-/HililM? 2 2 0 t*^S5f 2 3 

[HffiPJ] 
[ 0 0 6 6 ] 

W T te §1 Sffi m * m if T =t= 58 W * * & £ Pffl (c IK m ? S ^ , #58fji38e:*ifc:j;!>l8je3+i 
S CO T? a * V o 
[ 0 0 6 7 ] 
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ijg/B L-fc^M^- * - CRTM-8000 (ULVAC ( B #K£8ffl4t) Si) *«JB L 
fto £ ft, fiRflBaoSKSI^OiaiSK 1 f>3-;V (Tencor) tt« P 1 0 ft&ffiS 
ai(l*ffi^ft. X^CWttffFflilCtt, y - X U - (KE ITHLEY) *± V - X ;* - $ 
2 4 0 0 , h/nyBM-8!SI|-f ffiffllfto «f CtSf £5:0. 2 V / 2 £&©frj-g- 
t7f7^«fc0]ilt, «£E±ff 1 »IIOff***rf«itflt*WJEb?t, *?t, ELX 
^ * h ^ tt , Slt*h-fXPMA-i l * ^ # ;l> v ;u ^ ^ ^ y * ;i/ r ^ If — * fl£ 

[ 0 0 6 8 ] 

<i?mi> (cup c ufc e 

B7©iIiE?<?)tSE L«f *Sfi 1 tLTftSLfto *5^Sfi7 0 1 ± tc H 
SAHttS M (HMM) 7 0 2fcUT, 0 D/D (lOQ/sq) ©I 

[ft 7 ] 




fJ56bSn8 CuPc%l 0" 6 t o r r TT?, 2 A/#fflIf IS? l 5 0 A © * fe: 

figjn l , m i * - frmmm c * - ;i> a x m ) 7 1 1 * m l * 0 

[ 0 0 6 9 ] 

Miami *~>mas» c^-^ftA/i) 7 1 i©_Lfc x *-;nitt^ttsa 

NPDSl 0" 6 t o r r T . 2A/#©^#3iST* 5 0 0 A(0lJt^J|L, » 2 * — 
;HftJSIM 7 1 2 #M Lfco * & fc^ MIBm 2 *-;HftSSJB(D±tes ?£^JB 7 0 6 tU 
[ft 8 ] 




uasnshu (s-t/y/^h) r^s-^Aagft* {kt r a i qj t^$) * 

[ 0 0 7 0 ] 
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mm^ytm i o 6 <d±ic *mwmz i 1-233262 ^sst-iw^ 




10 



t?§5 2 n 3 (8-^/y/5h) v*-vi* CWT r l i qj fc v> -5 ) 5feH$!ftJ8 («T r 

L i qj * 1 0 A <E> J£ 2 j£fli L fe 0 

[ 0 0 7 1 ] 

#fcs iitg@ 7 0 3 tLT, A 0A/©f 1 0 OOAItLfto 58 

M M it Sfif 0 . 2 cm, iO. 2 cmOlSitttLfeo CfflfiE L|f IC^^t, g 

m&mmm (mmmmm) 7 o 21^5 1 Totitn*<i«7 0 3 t? a& ^ a 1 koHt, 

ifiMWffi^BTAPLs ^1 7 0 6 (Alq) *>5gftHOW«»St/ft, 01 K 0 
1 2. 01 a^flHUynvh (□) & <1 oim^tDMtfiimm (m A / c m 2 ) -ffiJE ( 
V) »tt (01 1) , ff£ (cd/m 2 ) -iff (V) Wj| (R12) , f^ttf (In 20 

/w) -mm. (cd/m 2 ) #ft (0i 3) *m-?t>co'e&& a z.v>m^<Dmytm 1 &n.&. 

(turn on voltage = BgffA^0. 0 1 c d / m ! Wi©Jfg)£ftIt« 
Iff) H3. 0VT?3&o;feo 
[ 0 0 7 2 ] 

<|S|#SMl> (*^W<?)#« E L SR^^ffKW) 

^5X1*8 0 lltHSamSi (R§M@W) 8 0 2 tLT, */-HJtl oq/d 
£0 I T O (^y^7i-XXIfti> H*ii?ttl) tfn- h StiT V*o ^<D±fcS 
*PM 1 fc H « <?> # . m 1 *-Jl/*&3MJB 811tLTCuPc?150 AOJSSK^K 
Lfto &ic> *!§B^©S«-??fe^*?S^'l4^fiV 2 0 5 ( 5 gHfc^i^A) fcKS2*- 30 
frmmm 8 l 2 CD#|j&!|£>«T?;g. £ aNPD;££:3S«f©#i£T?. 4 : 1 ( = V 2 

0 5 : a N P D) T«JA L A tB-frlH A 8 2 2 *100 A © j» $ K U ft „ KT, »MJ 
1 HmffiCD^im-V, m 2 8 l 2HTaNPD, fg^JB 8 0 6 tLTAlq 

, ifaAi 8 0 7 tuL i q , mmmmm 8 0 3 hta 1 ^jii^^klt. 

[ 0 0 7 3 ] 

C E L V>T. A S 3 9! & 8 0 2 3 I TOt||tll 8 0 3 T'I 

§ A 1 t©Hfc, it?5it«JC*mAn L, fg^JS 8 0 6 (Alq) S SfelSJfeOffjtfcillJjg 
Lfto 01 Is 01 2, HI 3tffDBA7"ti'i»h (O) tt £ <Dm^<Dm.tfs,mm ( m A / c 
m 2 ) -«JE (V) (01 1) , it?je (cd/m 2 ) -iff (V) (012) s « 40 

(lm/W) -WISE ( c d / m 2 ) #14 (01 3) ^^tttOtS^o C ©fS^cD 
Si^Ifl&iff (turn on v o 1 t a g e ) & 2 . 6V78?ft, 
[ 0 0 7 4 ] 

<I»W 2 > (2-TNATA^«SLftffi*®tlE Ll?©ffl«) 

0 9 commnmvtiM e l ss^Kip #i 2 1 hx^m hrc 0 m^mmiz, iw 1 © 

Jg 1 * — ;lsWsmjgT'& 3 C u P c M ( 1 5 0 A ) 5DS<9 2 - T N A T Al (600A) 
■ f? IK x. fc JW fl. » N I*Ml iMiTf**. 
[ 0 0 7 5 ] 

t&b?, A*7xai9o lit, iiaiiffi ( 1 to) 9 02, sb 1 * - frmmm 

(2-TNATA) 9 1 1 , 3J2 * — ^WH^MM ( a N P D ) 9 12, (Alq) 9 50 
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0 6 , IfiiAi (Liq) 907, MttM (Al) 903 ^ULTlf 
[ 0 0 7 6 ] 

C E Llf Kjo^T, Mj3i§«*i 9 0 2 T?g§ I T0tiISIl 9 0 3 ffe 

5A 1 tOflK, MWH^ftltoL, mftm 9 0 6 (A 1 q) ^&H"&fiftc9SSSJS£iR'm 
bfco 0 14, 015, 01 6ffoe5i^D7 h (A) £ . 018. 01 9. 020. 
02 7. 02 8. 02 9^©I^l7'Dy > (•) (U^IfOlffigS ( m A / c m 2 ) 
-WEE (V) (014. 018. 027) . MS. (c d /m 2 ) -Iff (V) #'[£ ( 

01 5. 01 9. 028) . mtimm (Im/W) -jSSS ( c d / m 2 ) #'£ (016. 
020. 029) *itfe©T£«o C <9 IK f <£> 5§ )t M £6 «E (turn on vo 1 
t a g e ) (i 2 . 8 V X' 3& o fc a 

[ 0 0 7 7 ] 

< j«g#SM 2 > (*:^BJ!©^llELfg?CDffS!M) 

0 1 0»«M«it«W^E LJR^^|S|M2 £ LTM Lfto 
fit?#l£U±, I?M2 1 * — ;Hi iH (2-TNATA) tS2*»yHII (aN 

PD) ®«fc, *pgB^«S«T-fe S «^ S^'lifeg V 2 0 5 (SUtnti'^A) £:lg2* 
-frmmm 10 12 ©iffl^ife^ aNPD*^^#cD^?£^, ^;l/i£M 4 : 1 ( = 
V 2 0 5 : a N P D ) fi^Lftl^ill 0 2 2 ^1 00 A«l?C||LTjf Al ft « 

[ 0 0 7 8 ] 

iT&fc^, f5XlI 1 00 1 ±fc. HfiiMM (IT0) 1002, % 1 
raUJi (2-TNATA) 1011, lfSgtl!lV z 0 5 ( 5 ^ifcM^ A) H W, 2 * 
-;V*ft51Jl 1 0 1 2©|liftlT^SaNPD^*liO#St, *;Mt^^4 : 1 ( = 
V 2 0 5 : a N P D ) T'Ml& L fcM^mm 1 0 2 2 , 12 *-;HUElJg ( a N P D ) 101 

2 , Stft/g ( A 1 q ) 1 0 0 6 ,lTaAl(Liq) 1007, M«ffijf ( A I ) 1 

003 %f&m lt m^tt^mz &rc 0 

[ 0 0 7 9 ] 

coiie Lis^tc&^T. k§ ^ m bji * ® 1 o o 2 & ^ i t: o tmmmmm i o o 3 

T2&.5A 1 i:<7?RBtc. fl^BEE^EPflnb, 0 0 6 (A 1 q) <E> ^fe%^cD m& 

^MSLftc 01 4, 01 5, Hie+OfiA^D-fh (O) «C©IK?<0«?7it@jg (m 
A/cm 2 ) -BJI (V) 4ttt (01 4) . J*& (cd/m 2 ) -Hffi (V) Wft (01 5 
) , (Im/W) - WIS. (cd/m 2 ) #14 (01 6) ^^^fe©-£?fe§ 0 CO 

if O^Ttifetffi (turn on v o 1 t a g e ) & 2 . 4 V T* 2& ft „ 
[ 0 0 8 0 ] 

<|i|SS$l3> (*5Sffi©tSE Llf ©ffiW) 

01 7©«»*&©W«ELJlS?*fSj«fl|3i:LTf|irilLfeo HS?«l*tt, IPM2© 
JSl* — jUtSSW (2-TNATA) fc» 2 ( a N P D ) Offlfc, * 3fi BJ3 © 

K#!ST*fe3fIfg^14t>H)S (4F-TCNQ) 4 1 OAOIJ Ltff A Lft «^ 

liSqtffll 2 fc IH«Tf»*o 
[ 0 0 8 1 ] 

f 7xiii io i ±tc, MMmii (i to) i 102, ju i *->m 

3£ g (2-TNATA) 1 1 1 1, t?§lfgill (4F-TCNQ) 1 1 20, |2 
( a N P D ) 1112, flXI (Alq) 1106, If^AI (Li q) 
110 7, lltll (A 1 ) 1103 %J£H ltff #ft<, 
[ 0 0 8 2 ] 

CO^iE Llf £*^T, fit ffi M W tt ffi 1 1 0 2tfe§ I TOtliitl 1 103 
7£5A 1 tOFIfc, tfiftttffiMin L, mytm 1 l 0 6 (A l q) **&|gfe|£3fc<D«iS 

*mmhfc 0 018, 019, 02o^©e^7 B o^h (o) izc<vm?<Dnffimm (m 

A / cm 2 ) -«JE ( V ) #14 (01 8) /ffR (cd/m 2 ) (V) #14 (01 9 

) . (lm/W) - fffi (cd/m 2 ) #14 (020) *^tt©^?fe5 0 C © 
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If Of ^PlS&f E (turn on voltage)»2. 4 V^S^fCc 
[ 0 0 8 3 ] 

<mmm4> (*%s^©#ie Lif ®^^f ) 
H3o commmm<o^m e l st^^maM 4 <t l t^js l ft 0 j«f i?M2« 

|g 1 ^-/HftjU/i (2-TNATA) £|g 2 *-;V3iMJS (ctNPD) <9 M *fBjO 
lit 1 0 ] 



B 




10 



20 

[ 0 0 8 4 ] 

-f&^b-S, ^7X111 20 l±tc, ^IlB^f 1 (I TO) 1 202, 
Hif5I/B (2-TNATA) 1 2 1 1. tfgifiail (PNB) 1 220. H 2 * - ^ 

mmm ( a n p d ) 1212, jixm (a 1 q) 1 206, t?ftAi (l i q) 120 

7, Rilll (A I) 1 203 ^^ILTif ^^^Jtftc 
[ 0 0 8 5 ] 

C©tlE Lif tfcV^t, It K 8 93 K 1 2 0 2 t^§ I TOtlltil 1 2 0 3 

s a i fcouBfc. itiftSH^epfin l, ^^i 1 2 o 6 ( a 1 q ) tp&m&ftftonilt 

* «!l 3£ U ft o 0 2 7, B28, H2 gifiDfiA^PD' h (O) H CCff ©liggf (m 30 
A/cm 2 ) -*£E (V) (027) „ iSS ( c d / m 2 ) -WEE (V) (028 

) . WASb* ( 1 m/W) - JJg (cd/m 2 ) (02 9) ©t *S C O jR 

? © & # M *& * E ( t u r n on voltage) it 2 . 4 V T* & o ft c 
[ 0 0 8 6 ] 

SSilt5i:tT\ iS » #-ffc * #*ffc * iB £ ^ t? « c fc # o ft 0 

[ 0 0 8 7 ] 40 

<##«> 

m) tDiW^ffiti. »iMJ£ft©J£iffiJrt©fli (UVJ') t <t o T 28lO^STlSLf£„ 
[ 0 0 8 8 ] 

Jg l ©iHiJ5£?£ P-f y ^80 Hx it«« ttffiK©* f? vMfc*J LTMM5 s ft S 

# & t? , «t iau je* © m % mm * mm t? & » l ft j& si (02 i^j:if0 2 2 tgt^^F^ 

m ) c o s 9 * « ra ie 1* ) ^5#en«siE (v/cm) niusst ca) tii^tf 50 
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ffi.t\Z>mH<QWiffim (cm 2 ) &tL«*tt«l* (A/cm 2 ) £ © it C (V/c 

m ) / < A / c m 2 ) = ( Q • cm) ] *»5SHl/ft. 
[ 0 0 8 9 ] 

R ft W « { 2 m m tfl © ) I TOSH 0 1 ± fc («•&{£: J; {) 2 mmfiO A 1 ffi ffi ± fc: 
) » SI £ ^ 0 3 * ffi S © Si JSfc: & 3 «fc 5 fc: jfl » L , JR & £ (|BIi;<2mmiB©) T ^ 
-Dilll 0281 TOSH 0 1 fcfiTS5-rs«fc5fc:j£l»L,T\ it jfitafFffiffl * ft 
£! Lfto 
[ 0 0 9 0] 

<fc 5 tc. tt^2 0 0±<D3- I Fffi±{c^i6!MttM2 0 I , IIIS1 2 0 2 t S: S « 
MfifrSSgH (Lcm) HSTTjSKSnfcfe©*JB*LT*5*, ^©±ib^SMift2 0 
3 ©8&#»&*ffiJ£©BflnlI (Wcm) 8tt5i'J7l£J!^lY^^^U, BfJE 

©njfc (t cm) «bkm^^ 0 com&mznzmME (v/cm) bijo^ee (v) 

%tt&IV£At (Lcm) f ltLTSlti?tl, (A/cm 2 ) ftftffllttdfE (A) * 

nmwmti&ftm&mmm (c:©*§£rw:wxtcm 2 ) i?i»i,T*tH3n*o c © * 5 tc 
th u ft c. 

[ 0 0 9 1 ] 

E9 2 5 (CtfcffiStOiiJS^m^r^-r o «JJ£ SSl © ffl « « I TO (3SB^S@#^), V 2 20 
0 5 . V 2 0 5 taNPD©ftIfI (V 2 O s : « N P D = 4 : 1 , 1 : 1 x 1 : 2«3l 
SOt^tt) s VjOsiZ-TNATAW^lSI CV 2 0 5 : 2— TNATA = 4 : 1 ( 
* ;V J± ) ) „ aNPDT-fe^o I TO, V^st a N P DC«HI, 35 <fc t>* V 2 0 5 <t 2 
-TNAT AOftlfiii, M««^©J±&Ki¥MlK^ aNPDS, * ^ K 

-Y y ^S3fi©i:fcK£tfFttfflig?T*?Wj5£ Lft e ? 5 (c a N P D t^V^TtiSIfr 6©If ft 
(ohmic) fct8fc», *58iaf 2 0 0 3 - 3 5 8 4 0 2 § 

T? HI ^ L ft * — >l/&AJl©ilBJ5£T?a&S, V 2 0 5 i: a N P D<OJB-&flR*W*ffite»f«a5^ 
iC 5 0 Acf<f^LftJ:Ts 1 0 0 OAOf^OaNPD^^yh/^fLTlSLfc 
o Sfts VjOjico^Ta, MiiSfct> F-f? ^«3fi©W#TiflJ5£ Ml JE 5* fc «fc €. 
f*R-fl)tt81tff»6n«Ci:*illft. 30 
[ 0 0 9 2 ] 

H 2 5 © *^ 6 # ffi L ft Jfcffitfi « JW T © £ *J i) *t? * 3 «, 
( 1 ) MBi£ fc J; 
-O- ITO 4. 6 X 1 0 ~" Q • c m 
-•- V 2 0 5 7. 2 x 1 0 4 Q • c m 

-A- V 2 0 5 : aNPD = 4 : l©^lfl 2. 0 X 1 0 3 Q • c m 
-O- V 2 0 5 : dNPD = l : 3 . 6 X 1 0 4 Q • c m 

- + - V 2 0 5 : oNPD = 1 : 20^ItI 2. 9 x 1 0 5 Q • c m 
-□- V 2 0 5 : 2 -TNATA = 4 : 10^111 5. 8 x 1 0 3 Q • c m 

[ 0 0 9 3 ] 40 

(2) * > K y ^ i* fc J: S Jg* 

-A- IT0/V 2 0 5 /A1 2. 8 X 1 0 5 Q • c m 
-▼- ITO/aNPD/Al 1. 5 X 1 0 1 3 0. • c m 
-■- ITO/V 2 O s : a N P D ( 5 0 A ) / a N P D (1000A) / V 2 
0 5 : a N P D ( 5 0 A ) / A 1 8. 0 X 1 0 £ G • cm 
[ 0 0 9 4 ] 

£ft. V 2 0 5 taNPD®«ISlOS^tf; fc JfcffiK © R ffi * H 2 6 © ^ 

tr S i? « ^ c t©4^ffi^ifcfiSl*iSbs c©*H{cJ:oTfe«?^ifi{i:f#-5^ 

ftIjcS)SOlfttffs8?tiTJ!), O^T«3R?©ffiB8Sb*EE{fcfc7Sa&*{fcfcViO s © 50 
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[ 0 0 9 5 ] 

#»|lik:o^T±M*J*M*#fHl,0'3«i|!Lfc#, #58iJi«_tMfltJBfi&fc:|gS£ 
tiSfe©T?iift<, * a © @ W * te (4 * » WO JSSl © US H ft * v» r * M * ft 14 S M W 
ffi T? fe %> „ 

[0M<DflI¥&«m] 

[ 0 0 9 6 ] 

[01] (a) B«*OtllU#bn/l/3*9"tyh*f Oiitt, (b) ~ (d) it 

s ftifn, *%sow^ii/nti;Ps^^yhlf (a) . if <b) 
(o N cd) N stfi? (e) ©««ifi*^'r «e3&ht?**o 

[02] 2 — T N A T A „ ctNPD, XHD-T AD, XHn-NPB. V 2 O s tl tl 

[03] aNPDtR ei0 7 ©H-&«©RJKX'<*}-rt'*isS-rBlT**o 

[0 4] 2— TNATAils f h 7 0 - f h 7 ->7 / + / ^ ^ > ftlfft©^!! 

[05] *-;Hittft«tif§§tti«h 3^*41 ^nattteats sftTSMLt^s 

[07] S¥i 1 Off OlMi)i*S1-iS@?3&Sc 
[08] ^fiSM 1 ©sR^OSISfllifi***- fltSB?**.. 
[09] S!p0IJ 2 <Dm? OiIil*itgS0T'$ So 
[0 1 0] £KW2Qft?08fftttt*a*-rat£R9Ti&S. 

[011] £9011 1 Rtfi ffiffll 1 ©fRf © W*ft?gJS (mA/cm 2 ) -igSj*JEE (V) ft 

[012] sfi^j ijkTinmmwmfe c c d / m 2 ) -kmjee ( v) nt«^t@t 

[01 3] £*0!l 1 KCfftfttt 1 ( 1 m/W) -US. (cd/m 2 ) Wtt*^ 

[0 1 4] 2 ftCfUttW 2 (mA/cm 2 ) -ggftUffi (V) # 

[01 5] i?M2RffiIM2 ©iEfS (cd/m 2 ) -Sg»«JEE (V) W ft * H "?? 

[01 6 ] s«pi2 Rifmmm zcomtimm c 1 m/w) -»s (cd/m 2 ) wts*^ 

[0 1 7] HI«3 0ff OiI«it*itIS@Tfe5, 

[018] Sfi 2 Rtf HiSttl 3<Dig?©MM (mA/cm 2 ) -JgftSEE (V) ft 

[019] «MJ 2 JfctfSUSWI 3 ©Uf jg ( c d /m 2 ) -flgffr*£E ( V ) Wtt*jRTBBt? 

[02 0] S*P0IJ 2 StfUSSffl 3 omjimm (lm/W) -*2S£ ( c d / m 2 ) 

[02 1] -9- > K >y «fc 3 JtgiiiffMSR^O^iBHTifcS,, 

[02 2] ^>F^y^tefc«fc*JtS£*tH i fltfflJR : J : ©iBlA-Atefe»S»fffiH'ffJ5J5o, 

[02 3] MISta SJftSfntW MIS? ©fIIT*S5o 

[02 4] iiSEJ; 3 tfcffiJafVffiffligf ©illfl B - Bfc*fJ8»IB?»S. 

[02 5] #fiOfIffiI (A/cm 2 ) -«» (V/cm) |ftt*StH7*8, 
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[02 6] V^staNPDOttlliOg^tt t it&tri ( C * cm) CD H 

[027] mmm 2 Rxsmmm 4 com? (m a / c m 2 ) -mmmm c v ) # 

[0 2 8] l?M2RO*iffiM4©SS ( c d /m 2 ) -Sg«jttjE (V) fftt^Stlf 
[0 2 9 ] 2 ft HSS$I 4 (DMtimm ( 1 m/W) -»* (cd/m 2 ) WH:* 

[0 3 0] 5K«W 4 W3fi ill sCH-e**. 
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